Abstract
baseline and follow up (1998) (1999) (2000) . percentage of daily energy intake consumed at breakfast and weight gain was independent of age, sex, smoking, total energy
The proportion of people regularly consuming breakfast is in decline (1, 2) and skipping breakfast is associated with other lifestyle choices such as low levels of physical activity and high levels of soft drink consumption. (2) Obesity and weight gain are associated with low socioeconomic position (3) and skipping breakfast is more common in children and adolescents of low socioeconomic position.
(2) Compared to lean women, obese women consume fewer calories in the morning. (4) By contrast, regular breakfast consumption is associated with successful weight loss maintenance (5), suggesting that consuming fewer calories in the morning or skipping breakfast could contribute to the development of obesity.
A cross-sectional association between skipping breakfast and obesity has been shown in adults. (6, 7) Regular consumption of breakfast cereal is associated with lower body mass index (BMI) in adults (8) and children (9) and greater energy intake at breakfast is associated with lower BMI in adolescents. (10) A large prospective study in men showed a decreased risk of weight gain in regular consumers of breakfast cereals. (11) However, this study did not assess the time of day when cereal was eaten, and therefore does not provide direct evidence of an association between breakfast consumption and weight change. Currently the prospective association between energy intake at breakfast and weight change in adults is not known. We therefore investigated the association between percentage of total daily energy intake consumed at breakfast and weight change in a prospective population based cohort of middle-aged men and women.
MATERIALS AND METHODS
We used data from the European Prospective Investigation into 
DINER (Data into nutrients for epidemiological research).(19) Total
daily energy intake and energy intake during specified periods (pre breakfast, breakfast, mid morning, lunch, mid afternoon, evening and late evening) were calculated by dividing the total energy intake in each time period by the number of days included in the diet diary. The mean percentage of total daily energy intake consumed in each period was calculated by dividing the energy consumed in each period by the total daily energy intake. Energy intake pre breakfast and at breakfast were combined to give total breakfast energy intake (% TEI at breakfast). Energy intake in the evening and late evening were combined to give total evening energy intake. Energy intakes mid morning and mid afternoon were combined to give between-meal energy intake.
All analyses were carried out using STATA version 8 (Stata Corporation, College Station, Texas). All primary analyses were done using %TEI at breakfast as a continuous variable. However, for ease of data interpretation, we have presented some information by quintiles of %TEI at breakfast. We used linear regression to assess the relation between %TEI at breakfast, baseline BMI and weight change over the follow up. We examined whether the association between %TEI at breakfast and BMI was confounded by age, sex, baseline BMI, smoking, physical activity level, fruit and vegetable intake, plasma vitamin C level, follow up time and social class. We have previously shown that plasma vitamin C levels in this cohort positively correlate with fruit and vegetable intake; (20) we therefore used this biomarker as an additional and indicative measure of fruit and vegetable intake as skipping breakfast has been previously associated with low levels of fruit and vegetable intake. (2) In an exploratory analysis, we also added daily fat, carbohydrate and protein intake, alcohol consumption, meal frequency and %TEI between meals as potential confounding variables to this multivariable model.
In additional exploratory analyses, we assessed whether any association between %TEI at breakfast and baseline BMI was modified by sex (7) or social class. (2) For the prospective analysis, we examined whether sex, social class or BMI at baseline modified any association between %TEI at breakfast and subsequent weight change. Finally, we assessed whether any associations between %TEI at breakfast, BMI and weight change were mediated by percentage of total daily energy intake consumed in the evening.
RESULTS
Complete data were available for 6,764 individuals. The percentage of total energy intake consumed at breakfast ranged from 0 to 50%. Compared with the lowest quintile of %TEI at breakfast, mean BMI was lowest in individuals in the highest quintile of %TEI at breakfast (Table 1) in men and women (p for trend =0.018). Total energy intake was greatest in the highest quintile of %TEI at breakfast (p for trend <0.001). Individuals in the highest quintile of %TEI at breakfast were older (p for trend <0.001) and of higher socioeconomic position (p for χ2 test for heterogeneity <0.001). We found no evidence for a statistically significant interaction between %TEI at breakfast and sex, and %TEI at breakfast and social class (p for both interactions >0.1), with BMI at baseline (data not shown).
All participants gained weight on average over the follow up period (Table 1) . However, we found that weight change was inversely associated with %TEI at breakfast. In the unadjusted model, a 1% increase in %TEI at breakfast was associated with a relatively lower weight gain of -0.032 kg (Table 2) . Thus individuals who consumed a greater proportion of their daily calories at breakfast gained relatively less weight. This inverse association remained statistically significant after adjusting for age and sex, and other confounders (Table 2) . In an exploratory analysis, further adjustment for daily fat, carbohydrate and protein intake, alcohol consumption, meal frequency and energy intake between meals did not materially alter this association (data not shown). Results stratified by sex, social class and by baseline BMI were similar to the unstratified results presented (all P for interactions > 0.4).
Percentage of total energy intake at breakfast was inversely correlated with percentage of total daily energy intake in the evening (r=-0.39; p<0.001). However, although additional adjustment for percentage of total energy intake consumed in the evening marginally attenuated the association between %TEI at breakfast and weight change (β=-0.017; 95% CI -0.032, -0.001; p=0.033), it did not explain this association.
DISCUSSION
In our study, all participants gained weight on average over the follow up period; however, our data indicate that consuming a higher proportion of total daily calories at breakfast is associated with relatively lower weight gain in middle age. This association is independent of total daily energy intake and does not appear to be mediated by a corresponding reduction in the percentage of total daily energy intake consumed in the evening. However, the association could be accounted for by other unknown confounders. Although total energy intake was greatest in individuals in the highest quintile of %TEI at breakfast, BMI and weight change were lowest in this group. Previous cross-sectional studies have shown similar associations among individuals who consumed breakfast compared to those who did not. (2, 6, 7, 21) However, to our knowledge, no other epidemiological studies have specifically assessed the prospective relation between %TEI at breakfast and weight gain. Thus we cannot make any direct comparison of our results with others. Nevertheless, one prospective study has shown a reduced risk of weight gain in regular consumers of breakfast cereals. (11) Specifically, this study showed that individuals consuming whole grain cereals at least once a day gained less weight than those who never consumed whole grain cereals (2.28 kg + 0.06 compared with 1.87 kg + 0.12 kg; p for trend < 0.05).
Studies have also shown that energy intake in the evening was positively related to change in BMI in adults (10) and adolescents.
(22) In our study, although %TEI at breakfast was inversely correlated with %TEI in the evening, our results indicate that the association between %TEI at breakfast and weight change is not explained by a corresponding decrease in %TEI in the evening.
Skipping breakfast is associated with low levels of physical activity and fruit and vegetable intake, and increased levels of dietary fat and soft drink consumption. (2, 6, 21) These correlated factors, which are also risk factors for obesity, might explain the association between increased energy intake at breakfast and weight change.
However, statistical adjustment for physical activity, fruit and vegetable intake, plasma vitamin C, fat, carbohydrate, protein or social class did not materially alter the magnitude or direction of the association between %TEI at breakfast and weight change. This observation suggests that these factors are unlikely to confound the association. Yet, because of random measurement error, we cannot In conclusion, in this prospective study in 6,764 middle-aged men and women, we found an inverse association between percentage of total daily energy intake at breakfast and weight change. From a public health perspective, redistribution of daily energy intake, so that a larger percentage is consumed at breakfast and a lower percentage over the rest of the day, may help reduce weight gain. 
